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ADMINISTRATIVE  ACTIVITY: 


Patents:  The  patent  application  protecting  our  process  of  stabilizing  and 

freeze-drying  human  platelets  for  transfusion  is  still  under  review  in  the  US  Patent 
Office  and  has  been  submitted  under  the  Patent  Cooperation  Treaty  in  all  PCT  member 
countries,  also  in  Mexico.  Armour  Pharmaceutical  Corp.  has  exercised  its  licensing 
option  and  has  begun  developing  a  large-scale  manufacturing  process  to  produce 
platelet  preparations  comparable  to  ours,  Both  ECU  and  UNC  are  assisting  in  the 
technology  transfer. 

Publications:  Our  first  paper  on  the  lyophilized  platelets  was  published  in 

the  Proceedings  of  the  National  Academy  of  Sciences  (vol.  92:397-401,  1995).  This  . 
paper  was  of  broad  scope  and  included  both  in  vitro  and  in  vivo  experimentation.  A 
second  paper  was  submitted  in  November  to  the  journal  Blood,  but  was  not  accepted 
for  publication  at  this  time.  The  PNAS  paper  and  the  submitted  Blood  manuscript  will 
be  made  available  upon  request.  Some  elements  of  the  data  contained  in  these 
papers  are  also  presented  in  this  report.  An  abstract  given  by  the  PI  in  oral 
presentation  at  the  Annual  Meeting  of  the  American  Association  of  Blood  Banks  (Nov. 
12-17,  1994;  San  Diego,  CA)  included  data  generated  under  N00014-92-J-1244  and 
N0001 4-93-1 -1034.  Three  abstracts  presented  by  poster  at  the  annual  meeting  of  the 
American  Society  of  Hematology  (Dec.  2-6,  1994;  Nashville,  TN)  also  contained  data 
from  both  projects.  An  overview  of  the  entire  project  with  summation  of  in  vitro  and 
in  vivo  data  to-date  was  given  by  the  PI  by  invitation  at  the  Annual  Meeting  of  the 
British  Blood  Transfusion  Society  in  Southampton,  England,  Sept.  13,  1994.  A  lay 
description  of  the  project  and  its  progress  was  published  this  year  in  the  Durham 
Morning  Herald  and  the  North  Carolina  Beacon  newspapers.  Local  Grand  Rounds  and 
departmental  seminars  also  were  given  on  project  data  at  both  ECU  and  UNC-Chapel 
Hill.  Several  other  manuscripts  and  abstracts  are  in  preparation  relevant  to  the 
continuing  activities  of  this  grant. 

Goal  Completion:  The  majority  of  work  is  completed  on  each  of  the  seven 
original  specific  aims.  In  Year  One,  Aim  #4  (metabolic  studies  of  rehydrated  platelets) 
was  modified  due  to  departure  of  the  relevant  collaborating  investigator  from  ECU; 
instead.  Aim  #1  was  strengthened  (tests  of  hemostatic  efficacy)  by  adding  Morris 
Blajchman’s  thrombocytopenic  rabbit  model  as  a  test  of  hemostasis  to  apply  to  the 
lyophilized  platelets.  This  year  much  emphasis  was  given  to  this  model,  and  the  data 
generated  further  proved  the  hemostatic  potential  of  our  human  lyophilized 
preparations.  See  below  for  specific  scientific  progress  summaries. 

A  no-cost  extension  of  the  project  was  approved  with  a  new  termination  date 
of  06/30/95.  This  request  was  made  to  allow  time  to  finish  up  the  long  term  dried 
storage  studies  and  to  complete  more  testing  in  the  in  vivo  hemostasis  and  circulation 
animal  models.  The  new  termination  date  also  coincides  with  the  University’s  fiscal 
year. 

Armour  Pharmaceutical  Corporation  has  begun  to  produce  platelets  by  our 
procedure  in  preparation  for  an  IND  application  to  the  FDA  slated  for  1996.  This 
collaboration  signifies  a  great  likelihood  that  freeze-dried  platelets  will  become  a  reality 


in  the  development  of  new  medical  resources  for  support  of  combat  casualty  care. 
SCIENTIFIC  PROGRESS: 

The  remainder  of  this  report  is  comprised  of  summaries  of  data  from  the  ECU 
worksite  or  UNC-Chapel  Hill  (see  subcontractor’s  report).  At  ECU,  our  main  focus  in 
Year  Three  was  on  preparation  of  platelets  for  testing  in  Blajchman’s  model,  calcium 
flux  measurements  in  rehydrated  platelets  as  a  sign  of  integrity  of  responsiveness 
pathways,  a  final  assessment  of  alternative  processing  procedures  such  as 
permanganate  vs.  paraformaldehyde  stabilization,  and  an  initial  investigation  into  the 
role  of  platelet-derived  microparticles  (PDMP)  in  adhesion  of  rehydrated  platelets  to 
thrombogenic  surfaces. 

Thrombocytopenic  Rabbit  Model  of  Hemostasis:  The  collaboration  with  Dr. 
Blajchman  to  test  our  lyophilized  platelets  in  his  model  of  bleeding  time  correction  in 
immunocompromised  Thrombocytopenic  rabbits  included  32  studies  of  freeze-dried 
or  fresh  human  platelet  preparations.  Three  different  kinds  of  lyophilized  preps  were 
sent  to  Dr.  Blajchman’s  lab  in  Hamilton,  Ontario:  fifteen  separate  PARA21  lots 
(stabilized  with  1 .8%  paraformaldehyde  for  1  hour  prior  to  freeze-drying),  four  separate 
PARA22  lots  (1.8%  paraformaldehyde  for  2  hours),  and  six  separate  PARA45  lots 
(1.8%  paraformaldehyde  for  45  minutes);  fresh  human  platelets  from  his  local  sources 
were  used  as  controls.  For  these  studies,  the  rabbits  were  treated  with  whole  body 
irradiation  and  anti-thrombocyte  antiserum  to  reduce  the  platelet  count  to  <  20,000//iL 
and  prolong  the  ear  bleeding  time  to  >  900  seconds.  One  hour  after  infusion  of  test 
platelets,  the  ear  bleeding  time  and  circulating  platelet  count  increment  was  measured 
to  assess  the  effect  and  survival  of  the  infused  platelets.  This  model  has  been  used 
by  Dr.  Blajchman  in  various  formats  for  two  decades  to  obtain  information  about 
platelet  physiology  and  senescence.  The  fact  that  human  platelet  preparations  can 
be  evaluated  in  this  model  after  use  of  immunocompromising  drugs  (ethyl  palmitate) 
has  only  recently  been  established,  but  has  already  proven  useful. 

The  results  Dr.  Blajchman  obtained  included  several  interesting  findings.  As  a 
whole,  the  lyophilized  human  platelets  gave  poorer  recoveries  in  circulation  after  1 
hour  than  the  control  of  fresh  human  platelets  (~  45%  vs.  77%  mean  recovery). 
However,  when  slightly  larger  infusions  of  rehydrated  platelets  were  made  to  achieve 
the  same  circulating  platelet  count  as  with  the  controls,  the  PARA21  platelets  gave  a 
mean  bleeding  time  not  significantly  different  from  fresh  human  platelets  (252  seconds 
vs.  203  seconds),  while  the  PARA22  and  PARA45  gave  longer  bleeding  times  (297  and 
364  seconds,  respectively).  These  data  suggest  that  PARA21  platelets  provide  good 
hemostatic  potential  which  may  excel  that  of  the  other  preparations  but  is  comparable 
to  fresh  platelets.  The  caveat  of  poor  circulatory  recoveries  in  this  model  does  not 
seem  to  be  particularly  negative  since  it  relates  to  xenographic  infusions.  In  one  set 
of  experiments,  four  PARA21  preparations  were  left  pooled  in  the  rehydrated  state 
inadvertently  for  more  than  four  hours  before  infusion  into  subject  animals;  the  results 
showed  remarkably  longer  bleeding  times  (400  -  600  seconds)  after  these  were 
infused  compared  to  the  fresher  PARA21  infusions,  leading  us  to  suspect  that  the 
platelets  had  deteriorated  on  standing  and  thus  should  be  excluded  from  statistical 
analysis  (not  represented  in  the  attached  charts).  However,  a  positive  spin  on  these 
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data  would  suggest  such  deterioration  shows  that  the  PARA21  platelets  are  much 
more  like  fresh  than  fixed,  inert  platelets. 

Calcium  Flux:  We  have  had  as  a  goal  for  many  years  the  demonstration 

of  an  activation  response  in  the  lyophilized  platelets  with  the  aim  of  modifying  the 
stabilization  process  to  balance  the  trade-off  of  physical  integrity  with  metabolic 
responsiveness.  The  activation  of  platelets  involves  a  metabolic  burst  associated  with 
mobilization  of  Ca^"^  from  internal  stores  and  ion  flux  across  the  surface  membrane. 
Paraformaldehyde  fixation  of  the  platelets  prior  to  lyophilization  may  abrogate  this 
functionality  to  some  degree.  We  have  determined  that  the  minimal  necessary  fixation 
conditions  are  1.8%  paraformaldehyde  for  60  minutes  to  maintain  physical  integrity, 
and  are  now  in  the  process  of  assessing  the  degree  of  compromise  of  responsiveness  . 
incurred. 

Our  first  attempts  to  measure  calcium  flux  in  fresh  versus  lyophilized  platelets 
were  with  the  photoprotein  aequorin  which  gives  a  luminescence  signal  when 
complexed  with  Ca^'*’.  Loading  aequorin  into  platelets  requires  a  membrane 
permeabilization  step,  which  we  found  to  be  difficult  to  put  into  routine  practice.  The 
few  times  this  was  accomplished  without  lysis  of  the  platelet  sample  we  found  little  or 
no  signal  in  the  lyophilized  platelets  on  our  PICA  lumi-aggregometer  when  stimulated 
with  collagen,  ADP,  or  other  agonists.  However,  with  recent  advances  in  ion-sensitive 
fluorescence  dye  technology  we  have  reopened  this  investigation  using  flow  cytometry 
as  the  detection  system.  The  new  approach  involves  loading  platelets  with  Fluo-3  and 
Fura  Red,  which  do  not  require  a  troublesome  membrane  permeabilization  step.  The 
signal  sensitivity  is  enhanced  by  measuring  the  ratio  of  fluorescence  between  Fluo-3 
and  Fura  Red  (two  different  emission  wave  lengths,  but  both  excited  by  the  488  nm 
laser  line,  Fluo-3  increases  in  intensity  when  complexed  with  Ca^'*'  while  Fura  Red 
decreases  in  intensity)  and  can  be  corrected  for  differential  loading.  With  this  new 
technique,  we  have  found  in  experiments  thus  far  that  two  different  preparations  of 
lyophilized  platelets  responded  maximally  in  Ca^"*"  flux  reproducibly  (comparable  to 
fresh  platelets)  with  stimulation  by  ionophore  A-23187.  These  results  set  the  stage  for 
similar  experiments  using  physiologic  agonists  such  as  collagen,  thrombin,  or  ADP. 
This  work  will  continue  during  the  project  extension  period. 

Permanganate  vs  Paraformaldehyde:  We  developed  in  the  initial  phases  of  this 
project  an  alternative  method  for  stabilizing  platelets  pre-lyophilization  with  0.01  - 
0.02%  permanganate  instead  of  paraformaldehyde.  This  year  we  concluded  that  the 
KMn04-platelet  preparations  do  not  perform  as  well  as  PARA21  platelets  in  many 
critical  tests,  including  hypotonic  shock  response.  Clot  Signature  Analyzer  Hemostasis 
in  vitro,  and  Blajchman’s  thrombocytopenic  rabbit  model.  In  the  hypotonic  shock  test, 
platelets  suspensions  are  exposed  to  a  one-half  volume  of  dH20:  the  response  in 
normal  platelets  is  characterized  by  immediate  swelling  and  then  pumping  out  of  the 
taken-up  water.  Typical  PARA21  preparations  respond  at  one-third  to  one-half  the  rate 
of  fresh  platelets,  but  none  of  the  KMn04-preps  we  have  prepared  have  responded  at 
all.  Ten  separate  KMn04-preps  have  been  run  on  the  Clot  Signature  Analyzer  during 
this  reporting  period.  The  results  demonstrate  hemostatic  plug  formation  comparable 
to  fresh  platelets  and  PARA21,  but  poor  collagen  interaction.  In  the  Baumgartner 


platelet  adhesion  assay,  the  KMn04-platelets  performed  as  well  as  PARA21  and 
PARA22  platelets  in  tests  of  their  ability  to  adhere  to  thrombogenic  surfaces  under  high 
shear  rates.  However,  when  infused  into  thrombocytopenic  rabbits  in  Blajchman’s 
model  of  in  vivo  bleeding  time  correction,  KMn04-platelets  gave  worse  recoveries  in 
circulation  and  less  correction  of  the  bleeding  time  than  PARA21  preparations. 

In  summary,  we  have  found  that  the  use  of  KMn04  for  stabilizing  platelets  prior 
to  lyophilization  is  successful  in  preserving  structural  integrity,  but  induces  more  of  a 
compromise  of  platelet  responsiveness  or  in  vivo  function  than  does 
paraformaldehyde.  Thus,  KMn04  is  not  readily  acceptable  as  an  alternative 
technology  for  processing  transfusable  lyophilized  platelets.  The  need  for  an 
alternative  processing  method  is  not  acute.  Armour  Pharmaceutical  Corp.  is 
proceeding  with  developing  a  large-scale  GMP  approach  to  making  PARA21  platelet  . 
preparations,  and  paraformaldehyde  seems  to  have  more  advantages  than 
disadvantages  as  a  component  of  this  system.  We  have  been  developing  KMn04  and 
other  alternative  stabilization  protocols  in  case  a  toxicological  risk  or  a  serious  problem 
in  up-scaling  precluded  the  use  of  paraformaldehyde. 

Platelet-Derived  Microparticles:  In  other  work,  we  and  other  investigators  have  shown 
that  platelets  release  procoagulant  membranous  microparticles  into  the  supernate 
during  direct  stimulation  with  agonists  or  as  a  result  of  storage  in  the  blood  bank.  In 
current  investigations,  we  have  found  that  adhesion  of  platelets  in  the  Baumgartner 
perfusion  system  appears  to  be  affected  by  the  presence  of  microparticles.  When  the 
plasma  used  in  Baumgartner  experiments  is  passes  through  a  0.2  nm  filter  prior  to 
perfusion,  the  extent  of  vessel  surface  area  covered  by  adherent  platelets  is  reduced 
10  -  30%.  Also,  in  the  Clot  Signature  Analyzer  the  prior  filtration  of  plasma  has  a 
marked  inhibitory  effect  on  platelet  plug  formation,  clot  generation,  and  collagen 
interaction.  These  findings  hold  for  fresh  or  stored  platelets,  and  are  more 
pronounced  when  plasma  from  stored  blood  bank  concentrates  is  used  in  the  test, 
since  this  material  typically  has  a  high  content  of  microparticles  before  filtration. 
Certain  controls  remain  to  be  run,  but  it  appears  that  the  major  effect  of  this  filtration 
is  the  removal  of  microparticles  from  the  plasma. 

We  have  now  run  several  rehydrated  platelet  preparations  in  filtered  or  non- 
fiitered  plasma  in  the  Clot  Signature  Analyzer  to  see  if  removal  of  microparticles 
diminishes  their  responsiveness  also.  The  results  thus  far  show  that  PARA21  platelets 
have  impaired  plug  formation,  give  a  longer  in  vitro  bleeding  time,  and  lose  response 
to  collagen  in  the  presence  of  filtered  plasma.  More  work  needs  to  be  done  to  confirm 
these  findings  in  the  Baumgartner  assay,  as  well  as  to  establish  the  mechanism  of 
interaction  between  platelets  and  microparticles  and  its  significance  in  relation  to 
normal  hemostasis.  It  is  reassuring  that  PARA21  lyophilized  platelets  appear  to  be 
subject  to  this  interaction,  also,  since  it  may  be  an  important  physiologic  regulator. 
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Grant  No.  0014-92-J-1244 

Match  3, 1995  .  t..  .  .  t  v 

Annual  Progress  Report:  Rchydrated  Platelet  (RP)  Studies  Dunng  the  Last  Year. 

L  .ProdugtlQflQf  AflimalMcKlgls  of  Xbroatoytopaak. 

During  1993,  we  were  given  an  outdated  and  out-of-use  COBE  Spectra  Blood  Leu 
Separator  aphercsis  machine.  We  expected  to  use  the  COBE  Spectra  Blood  Cell  SeparatOT  to 
render  dogs  thrombocytopenic  in  the  absence  of  chemicals  and  irradiation.  We  successfully 

reduced  platelets  in  one  dog  to  less  than  50,000  platelets/pl,  but  the  bleeding  time  was  still  in  the 
normal  range  of  4  min.  The  long  time  required  for  this  procedure  and  the  need  for  anesthesia 
made  this  procedure  less  than  desirable  for  use  with  the  dog  and  the  pig.  We  have  expwiments 
planned  for  the  pig  using  the  COBE  but  the  use  of  the  COBE  will  be  limited  by  the  lack  of 
plastic  supplies.  The  manufacturer  has  discontinued  this  model  and  no  replacement  suppucs  are 

being  produced.  , 

To  meet  the  need  for  a  small  animal  model  of  thrombocytopenia  that  would  not  require 
large  volumes  of  platelets,  we  have  produced  a  rat  model.  We  used  a  rabbit  and-rat  thrombocyte 
antibody  to  produce  rats  with  reduc^  levels  of  circulating  native  platelets.  For  study  of 
hemostatic  and  thrombogenic  effects  of  RP,  a  rat  model  of  thrombocytopenia  is  ideal.  The 
advantages  of  using  a  rat  model  are  several.  Due  to  the  small  size  of  the  rat,  smaller  numbe^  of 
platelets  are  needed  to  attain  100%  circulating  RP,  care  ^d  handling  of  Ae  animds  are  miniraal 
and  inexpensive^  availability  is  no  problem,  and  antibodies  arc  commercially  available  to  induce 
throroboc>nopenia  in  rats.  Circulation  studies  in  normal  rats  using  fluorescent  RP  are  in  progress 
and  bleeding  time  studies  in  thrombocytpenic  rats  have  been  performed. 

The  reduction  of  circulating  rat  platelets  is  dose  dependent  (see  Table  1),  mal^g  it 
possible  to  perform  hemostatic  studies  of  RP  and  to  evaluate  the  interaction  of  RP  with  reduced 
levels  of  native  flesh  platelets.  Reduced  levels  of  circulating  native  platelets  more  closely 
resemble  thrombocytopenia  seen  in  the  clinical  setting.  We  use  the  rat  model  to  test  Ae 
hemostatic  ability  of  our  RP.  Some  of  these  data  are  published  (see  Ae  enclosed  imnuscript. 
Read  et  al.,  PNAS,  1995.)  Thrombosis  studies  in  Ae  normal  and  thrombocytopenic  rat  using  a 
modification  of  published  stenosis/injury  models  are  being  done  to  further  characterize  Ae  rat 
model  of  thrombocytopenia.  We  are  also  using  the  rat  mMel  developed  for  Aese  hemostatic 
studies  for  the  testing  of  platelet  preparations  produced  by  Armour  Pharmaceuric^  Company. 
That  work  is  being  performed  wiA  support  from  grant  No.  N-00014-94-C-(W72,  m  an  effort  to 
generate  a  commercially  available  dried  platelet  for  human  platelet  transfusion. 

Table  1.  Dose  dependence  of  anti-rat  thrombocyte  antibody  treatment  in  Ae  rah 


platelet  count 
pre  Ab  treatment 


Pre  BT  Ab  dose  platelet  count  BT 

(minutes)  (ml)  post  Ab  treatment  post  Ab  treatment 

_  (minutes) 


795,000/pl  1.5 

03 

475,000/Ml 

1.5 

0.5 

110,000/Ml 

5.0 

0.3 

20,000/Mi 

15.0 

abbreviations:  Ab=antibody,  BT-bleeding  time 


2._Hemo-Stotic  Testing  in  the  Rat  Model. 

In  addition  to  producing  a  thrombocytopenic  animal,  we  had  to  establish  a  reliable 
bleeding  time  test.  Using  an  adaptation  of  the  published  canine  toenail  bleeding  time  test  (BT), 
we  developed  a  reliable  rat  bleeding  time  test.  The  range  for  normal  rat  bleeding  time  is  0.5  to 
4.0  minutes,  as  measured  in  20  rats.  None  of  the  normal  rats  have  had  a  long  bleeding  time.  The 


1 


standard  rat  tail  BT  test  has  proven  very  unreliable  and  variable.  The  tail  BT  varies  with 
temperature  and  cut.  There  also  appears  to  be  variability  in  species  of  rat  relative  to  tail  bleeding 
times.  We  have  not  found  such  species  variability  with  the  toenail  test. 

Table  2  contains  data  published  in  PNAS  and  some  unpublished  data  with  additional  rats. 
Rehydrated  platelets  have  proved  to  be  hemostatic  in  all  the  models  used  so  far.  We  have 
infused  RP  into  dogs,  pigs,  and  rats,  but  the  rat  has  proven  to  be  the  most  convient  model  to  work 
with,  yielding  the  most  reliable  and  reproducible  results. 

Table  2.  Hemostatic  studies  in  the  thrombocytopenic  rat. 

■prc^.tcatmgnt  post  Ab  treatment  nQstJnfusion 
rat#  pltct  BT  pltct  BT  phct  BT 


iZuD_ (minutes)  (uI)  (minutes!  (/M)  (minutes) 


1 

1,025,000 

1.5 

75.000 

>15 

80,000 

2.0 

2 

795.000 

0.9 

20,000 

>15 

75,000 

1.0 

3 

833,000 

1.3 

nd 

>15 

101,000 

3.5 

4 

685,000 

0.5 

25,000 

>15 

220.000 

0.5 

5 

580,000 

2.0 

32,500 

>15 

237.000 

1.5 

Abbreviations;  pit  ct=platelet  count,  BT=bleeding  time,  Ab=antibody. 

3.  arcuIatlon.and  recovery. 

Fluorescent  Labeled  Platelets.  The  purpose  of  these  studies  was  to  find  a  method  for 
labeling  fresh  and  RP.  During  the  past  year,  methods  have  been  developed  for  labeling 
rehydrated  and  fresh  platelets  with  fluorescein  as  well  as  with  radioactive  tags.  Tliese  labels  are 
essential  for  use  in  hemostatic  and  ihrombogenic  studies  of  rehydrated  platelets  in  animals.  The 
fluorescent  dye  PKH-26  from  Zynaxis  labels  RP.  Stability  studies  with  PKH-26  labeled  RP 
incubated  in  plasma  at  37®C  for  24  hours  showed  that  the  label  remained  with  the  platelets  and 
very  little  was  lost  to  the  supernatant.  Unfortunately,  PKH-26  caused  agglutination  of  fresh 
platelets  under  RP  labeling  conditions. 

The  method  for  labeling  fresh  platelets  had  to  be  developed  by  trial  and  cjtot.  We 
dcNised  a  method  for  labeling  fresh  platelets  with  the  PKH-26,  but  the  platelets  appear  activated 
even  when  no  aggregation  occus.  The  procedure  uses  different  diluents  for  the  dying  process 
than  recommend^  by  the  manufacturer.  The  data  suggests  that  PKH-26  is  not  the  l»st  method 
for  labeling  fresh  platelets.  We  need  a  method  for  labeling  both  fresh  and  rehydrated  platelets  in 
order  to  make  a  valid  comparison  of  recovery  and  circulation. 

Radiolabeled  Platelets. 

We  radiolabel^  autologous  canine  rehydrated  platelets  with  Uljn  for  infusion.  The 
labeled  platelets  were  infused  into  an  adult  female  dog.  Blood  samples  were  taken  at  5  minute 
intervals  for  the  first  45  minutes,  then  once  an  hour  until  hour  6.  A  2  ml  whole  blood  sample 
was  ^sayed  for  radioactivity  at  each  time  point.  The  level  of  radioaciiivity  in  the  samples 
remained  constant  during  the  first  2  hours,  then  decreased  to  half  the  original  amount  rfter  6 
hom.  At  hour  4,  a  whole  body  scan  of  the  dog  was  performed  to  discern  the  distribution  of 
radioactive  label.  Label  was  found  throughout  the  b^y  in  a  diffuse  distribution,  with  a 
concentration  of  label  in  the  liver.  Label  was  also  detected  in  the  major  thoracic  vessels.  A 
whole  body  scan  peroformed  at  24  hours  revealed  a  concentration  of  radiolabel  in  tlie  urinary 
tract.  Platelet  counts  remained  within  normal  range  throughout  the  experiment.  Unfortunately, 
later  experiments  showed  that  the  lUjn  label  leaches  out  of  the  platelets  into  the  plasma  at  37^C. 
This  suggested  to  us  that  the  diffuse  label  seen  in  the  dog  was  due  to  leached  label,  and  not  label 
residing  in  the  platelets. 

Fresh  platelets  have  been  radiolabeled  with  standard  procedures  using  ^^Chromium  or 
^  1  ^Indium.  On  the  contrary,  radiolabeling  of  rehydrated  platelets  has  proved  very  difficult. 
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Radiolabels  ordinarly  used  with  fresh  platelets  are  not  statisfactory  with  lehydrated  platelets 
since  they  are  readily  lost  from  the  platelet  in  the  presence  of  plasma  at  We  have 
investigated  inindium,  ^^Sodium  Chromate,  ^^^lodihe,  and  ^^^lodine.  We  have  successfully 
labeled  rehydrated  platelets  in  saline  at  room  temperature  with  ^In.  These  platelets  contained 
90%  of  the  label  after  24  hours  incubation  at  room  temperature.  However,  subsequent  incubation 
of  the  platelets  in  plasma  resulted  in  a  partial  release  or  leaching  of  the  radiolabel  to  the 
supernatant  Rehydrated  platelets  were  labeled  with  and  with  limited  success.  Label 
efficiency  was  approximately  50%  with  but  the  label  was  removed  from  the  RP  with 
washing.  did  not  label  RP  with  a  high  efficiency,  ^igodium  Chromate,  which  has  been  used 
successfully  with  fre^  platelets,  did  not  label  RP.  We  have  also  investigated  labeling  RP  with 
Sodium  Chromate  and  H  ^Indium  prior  to  the  fixation  process,  in  hopes  of  1)  increasing  the 
efficiency  of  label,  and  2)  stabilizing  the  label  on  the  platelets.  Labeling  the  platelets  prior  to 
fixation  did  not  substantially  increase  the  efficiency  or  stabilization  of  the  label.  These  studies 
were  presented  at  the  American  Society  of  Hematology  meeting  in  Nashville  in  December,  1994 
(see  enclosed  abstract) 

We  have  continued  our  work  on  the  development  of  a  radioactive  labeling  method  for 
rehydrated  and  fresh  platelets  for  use  in  hemostatic  and  thrombogenic  studies.  We  have  been 
successful  in  radiolabeling  rehydrated  platelets  with  the  Zynaxis  ^25ipKH.95  compound,  with 
over  90%  of  the  label  remaining  in  association  with  platelets  after  24  hours  of  incubation  in 
normal  dog  plasma.  However,  the  commercial  production  of  this  compound  has  recently  been 
discontinued.  We  have  obtained  permission  from  the  manufacturer  to  produce  the  compound  in 
our  ow'n  laboratory,  and  are  currently  doing  so  with  the  aid  of  Dr.  Richard  Kow’alsky.  Initial 
labeling  experiments  suggest  that  the  1^5ipKH-95  remains  in  the  rehydrated  platelets  w'hen 
incubated  in  plasma  at  (see  attached  abstract,  Kowalsy  ct  al.,  1994.)  We  arc  now 
optimizing  the  labeling  process  to  maximize  signal  while  minimizing  damage  to  the  platelet. 
We  will  te  using  this  labeled  molecule  in  future  experiments  to  determine  recovery  and 
circulation. 


4.  Platelet  AntibodiesLJgrQduction  of  Rehydrated  Platelet  .Sj.gdag^ttttaifa 

In  an  attempt  to  find  other  markers  for  fresh  and  rehydrated  platelets,  we  have  generated 
polyclonal  antibodies  to  fresh  and  rehydrated  human  and  fresh  and  rehydrated  canine  platelets. 
New  Zealand  white  rabbits  were  immunized  with  platelets  emulsified  with  Freund’s  complete 
adjuvant.  Subsequent  injections  were  performed  with  Freund’s  incomplete  adjuvant  every  other 
day  for  1  week.  Rabbit  serum  was  tested  using  ELISA  and  immunoblotting  of  platelet  proteins, 
and  by  aggregation  assays  of  fresh  and  rehydrated  canine  and  human  platelets.  The  ELIS  A 
results  indicate  the  presence  of  antibodies  reactive  to  fresh  and  rehydrated  paltelets  in  the  rabbit 
antisera.  Immunoblots  confirm  reactivity  of  the  antibodies  with  fresh  and  rehydrated  platelet 
lysates.  However,  the  specificity  of  the  antibodies  in  the  sera  is  not  completely  characterized  in 
that  each  antiserum  tested  reacts  to  some  extent  with  both  fresh  and  rehydrated  platelet  lysates. 
Platelet  aggregation  studies  indicate  that  serum  from  rabbits  injected  with  fresh  human  platelets 
aggregate  fresh  human  platelets  with  a  higher  efficiency  and  at  a  faster  rate  than  rehydrated 
platelets,  (inversely,  antibodies  generated  to  rehydrated  human  platelets  aggregate  RP  with  a 
higher  efficiency  and  at  a  higher  rate  than  fresh  platelets.  Similar  results  were  seen  in  rabbits 
using  canine  fresh  and  rehydrated  platelets.  A  second  set  of  animals  has  been  immunized  and 
boosted  for  the  generation  of  fresh  human  specific  or  dried  human  specific  antibodies.  We  are 
currently  characterizing  these  rabbit  sera  for  antibody  activity. 

5.  Characterization  of  RP  Surface  Proteins. 

The  go^  of  these  studies  is  to  investigate  and  understand  the  interaction  of  surface 
proteins  or  integrins  and  how  their  interactions  relate  to  and  support  adhesion  and  agglutination. 
We  are  also  looking  at  changes  that  may  have  occured  as  a  result  of  the  drying  process  and  how 
those  changes  effect  RP  function. 
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PAGEAVestem  blotting  and  light  microscopy  is  being  usM 
common  surf.ce  antigens  on  «h?d.?«^ 

platelet  proteins  when  incubated  in  buffer  at  37  •  .  and  secreted  proteins 

iSS^al.^estem  blots  usmg  antibodies  against  »verf  P'^“'''.P^p?L^°^(SS)OTa)’ 

ftbronectin,  von  Wfflebrand  factor  ttombosponto  ^opiott^^^ 

we  have  e^dc  t^^by^o^^tometry  that  these  proteins  are 
^iirfflcp  We  are  continuing  these  studies  using  other  antibodies  against  the  same 
insure  Aat  the  lack  of  antibody  interaction  with  specific  proteins  is  not  epitope  or  concen 

nucK>scopy  studies  using  antMes  to  v  i, 

tropomyosin,  tliromOosponoin,  noronecun,  uriu,  afia  vjPfibmxa  J^thtn  a 

iatoratory.  the  antibodies  are  fluoresc-emly  labeled  to  visuahze  localiMUon  o  ^ 
platelet  Shcrent  to  a  glass  slide.  Platelets  are  allow^  to  spr^d  on  *0  g^y ^  shde  ft>r  ^ 
hours  before  fixation.  Studies  to  date  suggest  that,  although  the  ^®^y^ted  plmcts  do  n 
spread  as  quickly  as  fresh  platelets,  cytoskcletal  and  surface  proteins  f 

platelets  appear  in  similar  patterns.  For  example,  acun  ^jani^ts  ,  GPnbyilla  nroteins 

rehydrated  spread  platelets  with  extensions  mto  the  pseudopodia.  GPIb  and  pPJJo/Ilia  proteins 

appear  on  the  exterior  membrane  of  both  fresh  and  rehyomtea  piateiets 

minimal  spreading.  Our  investigations  on  the  cytoskcletal  anH  to  shed  light  on 

intended  to  both  characterize  the  platelet  antigens  on  the  ^ 

the  ability  or  inability  of  a  hemostatic  plug  formed  with  rehydrated  platelets  to  contract. 

^ 

than  unactivated  fresh  platelets  in  the  Prothrombinasc  Complex  reaction.  In  spite  onius 
apparent  increased  rate  of  thrombin  generation,  tests  of  plasma  and 

transfused  seven  times  with  rehydrated  canine  platelets  showed  no  ^gn^ficant  ch^ge  m  factor 
vin  or  factor  IX  levels.  The  prothrombin  times  for  pre-  and  post-infusion  ytnple^rc  not 
significantly  different,  and  no  change  in  the  production  of  fibnnogen  degn^ation  Pp^Jicts  wa. 
S!  Se  partial  thromboplastin  time  test  (m).  a  measure  of  the  mtnnsic  coagulaUon 
mechanism  was  similar  in  pre-  and  post-infusion  samples. 
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ABSTRACT  Currently,  therapeutic  platelet  concentrates 
can  be  stored  for  only  5  days,  We  have  developed  a  procedure 
that  permits  long-term  storage  of  fixed  and  lyophilized  plate¬ 
lets  that  retain  hemostatic  properties  after  rehydration.  These 
rehydrated  lyophIHied  platelets  (RL  platelets)  restore  hemo¬ 
stasis  in  thrombocytopenic  rats  and  become  incorporated  in 
the  hemostatic  plug  of  bleeding  time  wunds  of  normal  dogs 
as  well  as  von  Willebrand  disease  dogs  with  partially  replen¬ 
ished  plasma  von  Willebrond  factor*  Ultraslructuraliy,  these 
platelets  are  well  preserved  and  are  comparable  to  control 
normal  washed  platelets.  Flow  cytometry  analysis  shows  that 
RL  platelets  react  with  antibodies  to  the  major  surface 
receptors^  glycoprotein  (GP)Ib  and  GPlIb/IIla.  These  recep¬ 
tors  are  involved  in  platelet  agglutination,  aggregation,  and 
adhesion.  In  vitro  functional  tests  document  the  ability  of  RL 
platelets  to  adhere  to  denuded  subendothelium  and  to  spread 
on  8  foreign  surface.  Circulating  RL  platelets  participated  in 
carotid  arterial  thrombus  formation  induced  in  normal  ca¬ 
nine  subjects*  The  participation  of  RL  platelets  in  these  vital 
hemostatic  propcrtie.s  suggests  that  with  further  development 
they  could  become  a  stable  platelet  product  for  transfusion. 


To  promote  effective  hemostasis,  platelets  must  respond 
quickly  to  changes  in  normal  blood  How  or  vessel  injury  (L  2), 
After  vascular  injury,  platelets  adhere  to  exposed  subendo- 
thclium,  aggregate,  and  form  a  primary  platelet  plug.  Platelet 
activation  and  initiation  of  coagulation  follow  with  stabiliza¬ 
tion  of  the  platelet  plug  by  the  formation  of  fibrin.  The 
initiation  of  a  thrombus  at  a  site  of  vascular  injury  is  mediated 
through  platelet  membrane  glycoprotein  (GP)  receptors  (3,4). 
Platelet  adhesion  to  a  damaged  vessel  wall  and  its  extracellular 
“  matrix' at  high  shear  is  primarily  mediated  through  the  specific 
interaction  of  the  platelet  membrane  GPIb-lX  complex  and 
bound  von  Willebrand  factor  (vWF)  (5-7),  which  is  synthesized 
and  released  into  plasma  and  the  vessel  wall  by  endothelial 
cells  (j).  Platelet  adhesion  at  low'  shear  rates  is  mediated  by 
several  interactions,  including  collagen  with  the  ci20\  integrin 
(7).  Platelet  adhesion  stimulates  a  spreading  of  the  platelet  (8), 
Although  the  mechanism  of  platelet  spreading  has  rot  been 
completely  characterized,  recent  in  vitro  studies  have  shown 
ihat  platelets  will  spread  on  surfaces  coated  with  fibrinogen  (9) 
or  polymerized  fibrin  (10).  The  activation  of  the  GPllb/lHa 
receptor  by  agents  such  as  AbP  results  in  a  conformational 
change  in  the  receptor  (11-13).  Tbe  activated  receptor  binds 
fibrinogen,  which  forms  a  “bridge"  bctw'ccn  the  platelets,  and 
causes  aggregation  (1, 14, 15).  Activated  platelets  provide  the 
phospholipid  surface  for  the  assscmbly  of  blood  clotting  cn- 
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zyme  complexes,  and  the  conccniralion  and  localization  of 
activated  coagulant  proteins  at  sites  of  vessel  wall  injury  may^ 
be  facilitated  by  adherent  platelets  (16).  internal  storage 
granule.s  in  platelets  release  clot-promoting  contents  in  re¬ 
sponse  to  activation  of  biochemical  systems  triggered  by 
platclct-^platclet  or  other  interactions.  Interactions  of  adher¬ 
ent  platelets  w'ith  neutrophils,  mediated  through  platelet  in- 
tegrins,  specifically  P-se)eciin  receptor  (17).  may  contribute  to 
hemostatic  and  other  cell  functions  (13). 

The  control  of  hemorrhage  due  to  thrombocytopenia  often 
requires  transfusion  of  multiple  units  of  fresh  platelets.  In 
transfusion  medicine,  platelets  cannot  be  replaced  by  other 
blood  products  or  artificial  media.  Maintenance  of  critical 
membrane  GPs  during  Storage  is  crucial  to  platelet  function  w 
vivo.  With  the  storage  life  of  fresh  platelets  limited  to  5  days, 
there  has  been  considerable  study  to  lengthen  platelet  shelf  life 
and  enhance  stored  platelet  response  (18-24).  investigators 
have  addrc.sscd  storage  conditions  that  preserve  platelet  in¬ 
tegrity  and  responsiveness  (25*  26).  The  effects  of  preservatives 
on  platelet  activation  and  expression  of  membrane  CPs  have 
also  been  investigated  (27).  In  a  recent  review,  the  use  of 
inhibitors  of  platelet,  activation  to  extend  the  shelf  life  and 
enhance  the  quality  of  liquid  stored  platelets  is  discussed  (28). 
Cryopreservation  of  platele  ts  extends  the  shelf  life  to  1  year  but 
requires  extensive  washing  and  processing  to  remove  cryopro- 
icctant  agents  (29).  In  other  blood  cell  studies,  red  blood  cells 
washed  'vith  saline  followed  by  lyophilization  retain  metabolic 
activities  similar  to  red  blood  ceils  stored  under  blood  bank 
conditions  (30).  Lyophilization  of  platelets  or  platelet-rich 
plasma  as  previously  attempted  (31-33)  neither  preserved  the 
structural  integrity  of  the  platelets  nor  provided  adequate 
hemostasis' when  infused  ihld  thrombocytopenic  pediatric 
patients  or  hemorrhagic  animal  models. 

We  have  successfully  prepared  a  paraformaldehyde-treated, 
lyophilized  and  rchydrated  platelet  product  (RL  platelets) 
w'iih  intact  morphology  and  agglutinating  properties  (34-36). 
Efforts  to  refine  this  process  have  produced  platelet  prepa¬ 
rations  that  arc  structurally  stable  and  capable  of  undergoing 
activation.  We  report  here  on  the  hemostatic  properties  dis¬ 
played  by  our  RL  platelets  as  toted  in  vitro  and  in  canine  and 
rat  anintal  models.  In  this  study,  we  have  administered  RL 
platelets  to  normal  and  von  Willebrand  disease  (vWD)  dogs 
and  to  thrombocytopenic  rats.  Our  results  indicate  that  RL 
platelets  retain  many  essential  biologic  properties  and  pro¬ 
mote  hemostasis.  The  successful  preparation  of  a  dried  trans¬ 
fusion  platelet  product  without  loss  of  hemostatic  capabilities 


Abbreviations:  RL  platelet,  rehydruted  WophiliTrcd  platelet:  BT.  bleed¬ 
ing  lime;  vWD.  von  Willebrand  disease:  vWF.  von  W’ilicbrhrjd  factor. 
GF*  glycoprotein. 

*To  whom  reprint  requests  should  be  addressed. 
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suggest?  potential  for  the  development  of  this  product  as  a 
blood  banking  resource. 

MATERIALS  AND  METHODS 

Preparfllion  of  RL  Platelet?.  Lyophilized  human  and  canine 
platelets  were  prepared  as  described  (.T4).  Human  platelets 
were  obtained  from  the  American  Red  Cross  3-6  days  after 
collection.  Canine  platelets  were  obtained  from  normal  dogs 
(n  =  5)  from  the  Francis  Owen  Blood  Research  Laboratory 
(University  of  North  Carolina).  Washed  platelets  were  incu¬ 
bated  for  1  hr  with  paraformaldehyde  at  concentrations  of 
1.8%  for  human  platelets  and  0.68%  for  canine  platelets. 
Washed  paraformaldehyde-free  platelets  in  citrated  sahM 
(0  006  M  trisodium  citrate /0.154  M  NaCl.  pH  6.8)  with  .  % 
bovine  scrum  albumin  were  frozen  in  1-ml  aliquots 
8  X  10*  platelets  per  ml  and  iyophiiized  at  -20'‘C  to  -  4v  -or 
20-24  hr.  Dried  platelets  were  stored  at  “50*C  until  used, 
nried  njatelcts  were  rchydrated  in  1.0  mi  of  imidazole  buffer 
(IB;  0.084  M  imidazole.  pH  7.35)  and  centrifuged  at  1000  X  g 
for  8  min  to  pellet  the  platelets.  The  rchydrated  platelets  were 
freed  of  albumin  and  imidazole  by  three  washes  in  citrated 
saline.  For  use,  the  platelet  pellets  were  resuspended  m 
platelet-poor  plasma  or  in  a  modified  Hanks'  buffered  salt 
solution  (mHBSS;0.17M  Naa/6.7 mM  KO/l-OmM  MgSOV 
U..‘l  mM  K2HPO4/2.8  mM  Na:HPOi/1.3.8  mM  dextrose,  pH  to 
7.2  with  1.4^  NaHCO.O  for  in  vitro  studies  and  in  normal 
saline  for  in  vivo  studies.  Gas  chromatography  was  used  to 
document  the  absence  of  formaldehyde  in  washed  canine  and 
human  RL  platelet  solutions.  A  detection  limit  of  0.002%  was 
used  (National  Medical  Laboratories,  Willow  Gros'e,  PA). 

RL  platelets  were  labeled  with  the  fluorescent  dye  Zynaxis 
PKH  26  as  a  marker  for  platelets  in  infusion  studies.  The 
pelleted  rchydrated  platelets  were  washed  once  by  resuspen¬ 
sion  in  1.0  mi  of  acid  citrate  dextrose,  centrifuged  at  600  x  g 
for  8  min,  and  resuspended  in  0.1  ml  of  mHBSS.  The  mixture 
was  incubated  for  20  min  in  the  dark  and  centrifuged  (61K1  X 
r:  8  min).  The  labeled  pbiclcis  were  washed  once  by  resus¬ 
pending  in  1.0  ml  of  mHBSS  containing  either  0.1%  canine 
serum  albumin  or  0.1%  bovine  scrum  albumin.  No  label  vvas 
translcrrcd  or  lost  from  fluorescent  platelets  incubated  st 
25^C-37'‘C  for  several  hours  in  whole  blood. 

Hemostatic  and  Other  Methods.  The  saline  bleeding  time 
(BT)  in  canines  was  performed  as  described  (37).  The  BT 
wound  sites  were  excised  and  prepared  for  fluorescence  and 
light  microscopy  (•^^)‘  Pt)r  the  rat  toenail  BT,  rats  were 
anesthetized  with  ketamine  hydrochloride  (Ketaset)/ 
ProM  ACE.  and  a  foot  was  anliscpiically  cleansed  and  warmed 
in  a  37^  bath.  A  sterile  scalpel  blade  was  used  to  excise  the 
— distal  1 .0  mm  ofihe  vascular  nail  bed  from  one  nail.  Blood  was 
blotted  onto  filler  paper  for  BT  measurements.  Platelet  ad¬ 
hesion  of  fresh  and  RL  human  platelets  was  coinparcd  in  an 
annular  perfusion  chamber  (39).  Adhesion  studies  were  car¬ 
ried  out  at  high  shear  (flow  rate,  125  ml/min;  37®C)  using 
porcine  arterial  subendotheiium  that  had  been  denuded  by 
exposure  to  air.  After  platelet  solutions  containing  fresh  or  RL 
platelets  were  exposed  to  the  subcndolheltum.  segments  were 
removed  and  processed  for  scanning  electron  microscopy  ic> 
visualize  platelet  adhesion.  Citrated  blood,  plateiet*rich 
plasma,  platelet-free  plasma  (PFP).  and  red  Wood  cell  frac* 
lions  were  isolated  as  described  (34),  Adhesion  of  fresh 
platelets  was  dclcrmined  Hflcr  passing  whole  citrated  blood 
over  the  subendotheiium.  Adhesion  of  RL  platelets  was  de¬ 
termined  after  PFP  enriched  with  RL  platelets  and  the  red 
blood  eel)  fraction  was  passed  over  the  .subendotheiium.  To 
confirm  the  absence  of  platelets  in  PFP  prior  to  the  addition 
of  RL  platelets,  phase-contrast  microscopy  was  used.  To 
examine  platelet  spread.  RLplaielcts  were  reconstituted  in  IB. 
washed  once  in  HESS  (40)  to  remove  albumin,  and  spread  on 
Formvar-coated  grids  (41).  Spread  piaiclets  were  examined 
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with  a  Cambridge  autoscan  scanning  electron  microscope  at  20 

For  morphological  studies,  fresh  and  RL  platelet 
were  processed  for  transmission  electron  microscopy  as  oc- 
scribed  (38).  Platelets  were  examined  with  a  Zeiss  lOA  mi- 
eroscopc.  Rebvdratcd  platelet  surface  antigen  distribution  and 
overall  light  matter  properties  were  analyzed  on  a 
Dickinson  FACS  440  flow  cytometer.  Monoclonal  antibody 
binding  to  rchydrated  platelets  or  to  fresh  platelets  resus- 
pended  in  citrated  plasma  was  evaluated  Iry 
fluorescence  488-nm  excitation  as  described  (42).  Control 
antibody  was  used  to  identify  nonspecific  IgG  binding  to  iresn 
and  rchydrated  platelets.  In  each  run.  JO.OOO  events  were 

measured  and  analyzed.  i 

Infusions  of  RL  Platelets.  The  animals  used  were  norma) 
dogs  (rt  =  3).  a  vWD  dog  (»t  =  1).  and  Sprague-Dawlcy  rats 
'  3\  yjic  vWD  dog  was  from  the  dosed  colony  at  tne 

Francis  Owen  Blood  Research  Laboratory.  Norrnal  Sprague- 
Dawley  rau  were  obtained  from  the  Division  o^Laboratory 
Animal  Medicine  (University  of  North  UaroHna.  Cnap^i  ^111). 
All  animals  were  treated  according  to  published  standards 
(43).  Thrombocytopenic  rats  were  given  x  10  and  3.4  x 
10*'’  human  RL  platelets,  respectively,  through  the  tail  yein. 
Toenail  BTswerC  performed  immediately  after  infusion  RL 
platelets.  Normalization  ofBT  was  taken  as  an  indicator  of  RL 
platelet  hemostatic  function. 

Fluorcscencc-la'ocicd  canine  RL  platelets  were  infused  into 
three  normal  dogs.  After  infusion  of  these  platelet?,  plasma 
levels  of  vWF  (44),  coagulation  factor  IX  (45),  coagulation 
factor  VII!  (46),  platelet  counts  (Unopette;  Becton  Dickin¬ 
son),  and  scrum  fibrin  degradation  products  (Thrombo- 


Fjo.  i .  Transmiwon  election  microscopy  of  fresh  M)  and  RL  (S) 
platelets.  Both  fresh  and  RL  platelets  have  intact  and  r<>ndontly 
dirtributed  organelles  and  some  pscudopod  formation.  (x7760  ) 
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Table  I.  GPlb.  OPJIb/nJ».  «nd  OPlb/lX  on  the  surface  of  fresh 
and  RL  platelets _ _ _ 


%  labeled 
platelets 


Antigen _ Antibody  Ptc^" 

OPIb  AN-51  98  92 

GPIb  SZ-2  92  85 

GPIb/IX  SZ-1  98  92 

GPUb/lIU  loss  98  98 

Monoclonal  antibodies  to  GPlb  (clones 
obtained  from  Dakopatts  (Clostrup.  Denmark)  and  AMAC  West¬ 
brook  ME),  respectively.  The  anti-GPIb/IX  complex  antibody  (S^l) 
w^tb’e  anti-GPIl^ins  complex  antibody  (clone  lOK)  were  obtained 
from  AMAC  and  Barry  CoHer  (State  University  of  New  York.  Stony 

B^k).respectively.Therewcre<S%Ubeledpl^^^^^^^ 

cates  usinc  a  control  noniromune  mouse  IgG-2«  antibody  (Coulter 
Immunology).  Fresh  platelets  were  washed  with  curated  saline. 

fcilvwing  intervals pcstinfusicn:  !,5, 15.  JO,  and  60imn  dvrtng 
the  first  hour,  and  2, 4,  6, 8.  and  24  hr  thereafter.  BTs  were 
performed  postinfusion  of  labeled  RL  platelets  and  wounds 
were  excised  after  cessation  of  bleeding  for  examination  by 
fluorescence  and  light  microscopy  (38).  A  similar  infusion  was 
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performed  with  a  vWD  dog  after  pam^al 

by  treatment  with  cryoprecipitate.  RL  P  . ' 

51.4%  of  the  vWD  dog's  normal  platelet  count  on  the 

number  of  RL  platelets  A 

as  described  (47)  and  assayed  for  v^^F  content  (94).  a 
modifkd  Foils  procedure  (48)  was  used  to  produce  carotid 

arterial  thrombosis  in  dogs  (n  =  3). 

results  AND  DISCUSSION 
Structural  Features  of  RL  Platelets.  Transmission  electron 
microscopy  showed  that  RL  platelets  arc  morphological)) 
'fresh  washed  platelets  (Fig.  1).  RL  platelets  are 
DWtially  activated,  similar  to  fresh  washed  platelets.  Flow 
Storoctry  using  anti-GPlb  and  anti-GPlIb/HIa  monoclonal 

antibodies  indicated  that  both  GPS  were  present  on 

of  RL  platelets  (Table  1).  The  number  of  RL  platelets  with 
antibody  recognition  of  receptors  is  expressed  as  a  percentage 
of  the  platelets  with  specific  immunofluorcscenw. 
p....MiAn»i  rharaeteristles  of  RL  Platelets  m  J  i/ro.  Platelet 

adherion'and  platelet  f '§,53/ 

comparison  of  platelet  adhesion  with  frKh  and  RL 
shows  that  RL  platelets  adhere  in  numbers  similar  to  fresh 
nlatelets.  with  irregular  shapes  and  with  multiple  pseudopodia. 


(B).  Vessel  subendotheUum  exposed  to  plstelet-frce  blood  was  free  platelets  adhcrrai  to  Fornivar-coated  giid-^ 

wiod  was  carpeted  with  platelets.  SEM  of  spread  RL  platelets  ^7' /o  S 

formed  dendritic  patterns  with  multiple  pseudopodia  and  arc  fully  spread  (C).  similar  to  fresh  ptaieiee  p 

B.  X2320,  C,  5<20g0;  P.  xl600.) 
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Table  2.  Infusions  of  human  RL  platelets  shorten  the  prolonged 
BTs  in  thrombocytopenic  rats _ 

Thrombocytopenic 
Normal  Thrombocytopenic  with  RL  platelet 


Platelet  Platelet  Platelet 

count  count  count 


BT, 

per  fiJ. 

BT, 

per  Ml. 

BT, 

per  #il. 

Animal 

min 

X  10-' 

min 

X  10-' 

min 

X  10'^ 

1 

0.5 

6S5 

>15 

0.5 

220 

2 

2.0 

580 

>J5 

32i 

15 

237 

Thromboevtopenia  was  induced  in  two  Spraguc-Dawlcy  rats  by 
treatment  Vith  1  ml  of  a  TlO  dilution  of  anii-rat  thrombocyte 
polyclonal  antibody  (Accurate  Chemicals).  Platelet  counts  and  toenan 
BT  measurements  were  used  to  monitor  the  love)  of  circulating  rat 
platelets  10  min  after  treatment  with  the  antibody.  RL  platelets  were 
infused  immediately  after  a  BT  of  >1?  min  was  established.  In  u 
control  rat  without  treatment  with  RL  pl8lelcts»  bleeding  times  were 
>15  min.  and  platelet  courts  were  <50»000  platelets  per  for  >12 
hr. 

although  pseudopodia  arc  present  to  a  lesser  extent  in  RL 
platelets  (Fig.  2  A  and  B)*  Neither  RL  platelets  nor  fresh 
platelets  were  present  in  areas  where  the  endothelium  re¬ 
mained  intact  (data  not  shown).  A  compari.son  of  platelet 
spreading  of  fresh  and  RL  platelets  showed  both  having  a 
similar  flattened  or  “pancake”  morphology  (Fig.  2  C  and  Dy 

fr>nnri  associated  With  both  fresh 

and  RL  platelets,  which  were  not  completely  spread.  Few 


discoia  forms  were  present,  suggesting  that 

stabilized  platelets  retained  sufficient  metabolic  activity  for 

platelet  spreading  to  occur.  Earlier  studies  have 

that  functional  GPIb  is  preserved  in  lyophdizcd  platelets  (49). 

While  GPIIb/Ila  epitopes  arc  identified  m  RL 

minimal  platelet  aggregation  was  observed  m  preliminary 

.Studies  with  ADP  (A.P.B..  unpublished  data). 

Functional  Characteristics  of  RL  Platelets  *«  RL 

platelets  were  labeled  with  a  fluorescent  dye  to  distinguis 
rchvdratcd  platelets  from  circulating  native  platelets  m  infu¬ 
sion  experiments.  BT  studies  in  rats  with  human  RL  platelets 
and  in  normal  and  vWD  dogs  with  canine  RL  platelets  were 
conducted.  The  results  of  two  separate  RL  platelet  mfusion 
experiments  using  thrombocytopenic  rats  are  shown  Tabic 
2.  After  administration  of  human  RL  platelets,  toenail 
two  rats  treated  with  an  anti-rat  thrombocyte  antibody  de¬ 
creased  from  >15  min  to  normal.  One  rat  was  tested  at  30  min 
and  had  a  toenail  BT  of  3.5  min,  which  remained  corrected  tor 
1  hr.  at  which  time  the  rat  was  sacrificed.  Treatment  of  normal 
rats  with  diluted  anti-rat  thrombocyte  antibody  depleted  cir¬ 
culating  rat  platelets  to  <33,000  platelets  per  fit  and  length¬ 
ened  the  rat  toenail  BT  to  >15  min.  Normal  rats  treated  with 
experimental  levels  of  the  anti-rat  thrombocyte  antiboc^  with- 
out  additional  RLplatckts  bad  elongated  BTs  {>15  mm)  and 
low  autologous  platelet  counts  (<50,000  platelets  per 
12  hr.  The  toenail  BT  is  a  simple  and  reproducible  method  ot 
measuring  BT  in  the  rat  and  requires  only  that  the  rat  be 
anesthetized  before  testing.  In  10-12  normal  rats,  the  BTs 


Fie.  3.  FlwQTcsccncc  microjicopy  {A)  and  a 
scbcinatic  rcprcjcnlation  (B)  uf  an  ear  BT  wound 
of  a  normal  dog  after  mfusion  of  labeled  rchy. 
drated  platelets.  Clumps  of  labeled  plaicicis  ad* 
here  to  the  cut  surfaces  of  the  car  wound.  (C) 
Fluorescence  microscopy  of  a  carotid  artery  with 
deep  s^ssel  wall  injury  in  a  normal  dog  after 
administration  of  fluorescent  RL  canine  plate¬ 
lets.  Internal  clastic  lamina  (I)  is  disrupted  and 
deep  medial  iryurv  is  present.  Platelet  thrombi 
(T)  in  the  lumen  (L)  and  in  the  superficial  and 
deep  media  (M)  contain  labeled  rchydraicd 
platelets-  In  these  models,  with  a  mixture  of 
native  and  RL  circulating  platelets.  RLplaielcis 
represented  between  18.^95r  and  of  the 

total  platelet  count  based  on  the  number  of  RL 
platelets  infused.  (x280.) 
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RL  platelets  were  infused  into  three  normal  dogs  and  one 
vWD  dog  in  order  to  determine  whether  the  RL  platelets  were 
incorporated  into  the  hemostatic  thrombi  of  BT  wounds.  The 
vWD  dog  was  infused  with  cryoprccipitatc,  which  raised  the 
vWF  level  to  38%  of  normal;  the  BT  of  the  vWD  dog  was 
reduced  from  >15  min  to  8  min.  RL  platelets  were  then 
administered  to  the  vWD  dog,  and  there  was  no  significant 
change  in  the  BT  The  BT  remained  in  the  normal  range  (6 
min)  for  the  other  three  dogs.  RL  platelets  circulated  for  the 
duration  of  the  experiments  (up  to  4  hr).  They  were  found  to 
he  part  of  the  hemostatic  plug  in  normal  dogs  (Fig.  3  A  and  B), 
in  the  vWD  dog,  RL  platelets  were  observed  at  the  same  sites 
as  in  the  normal  dogs  but  in  far  fewer  numbers  (data  not 
shown).  Samples  of  liver,  lung*  and  kidney  >verc  examined  after 
sacrifice  of  these  animals.  No  gross  or  microscopic  changes 


were  observed. 

Carotid  arterial  thrombosis  was  induced  by  using  a  canine 
model  of  stenosis  and  injury  in  three  normal  dogs  that  had 
been  infused  with  RL  platelets  (48,  50).  All  animals  experi¬ 
enced  occlusive  thrombosis  as  indicated  by  the  cessation  of 
blood  flow.  When  thrombosis  occurred,  the  vessels  containing 
the  thrombi  were  harvested  after  >30  min  of  observation  and 


examined  by  fluorescence  microscopy.  Fluorescent  RL  plate¬ 
lets  were  present  in  the  induced  thrombi  and  were  also 
:»dhcreni  to  the  exposed  subendothelium.  Single  and  aggre- 
iMtcd  platelets  were  present  in  areas  of  hemorrhage  (Fig.  3C). 
in  vessels  where  damage  was  minimal,  fluorescent  RL  plate¬ 
lets  were  seen  in  the  lumen  and  adhering  to  the  luminal  surface 


where  the  internal  elastic  lamina  was  disrupted.  There  was  no 
evidence  of  RL  platelets  adhering  to  intact  endothelium.  The 
absence  of  disseminated  intravascular  coagulation  was  indi¬ 


cated  by  no  change  in  fibrinogen  level,  no  loss  of  coagulation 
factors  Vni  and  IX,  and  no  appearance  of  fibrin  degradation 


products. 

Platelet  preparations  can  be  stored  for  several  days  without 
the  use  of  refrigeration.  After  this  period,  platelets  lose  many 
of  their  functions  (51, 52).  Lyophilization  has  the  potential  to 
extend  blood  cell  (erythrocytes  and  platelets)  shelf  life  from 
days  to  years.  The  fixation  of  platelets  in  paraformaldehyde 
followed  by  lyophilization  has  proven  effective  in  maintaining 
some  of  the  normal  functions  of  the  human  platelet  (34).  We 
have  Shown  that  RL  platelets  retain  many  properties  necessary  ’• 
•of  normal  hemostasis.  These  observations  suggest  that  this 
Tiicihod  of  stabilization  may  offer  a  method  for  long-term 


storage  of  platelets. 
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PROMOTION  OF  PLATELET  ADHESION  TO  THROMBOGENIC  SITES  BY 
MICROPARTICLES  IN  STORED  PLATELET  CONCENTRATES.  T.-V  Vana* 
and  A.P,  Bode,  Department  of  Pathology,  East  Carolina  Univeraty,  GreenwUe,  NC. 

During  storage  of  platelet  concentrates  (PQ  in  the  blood  bank,  platelet-derived 
microparticles  (PDMP)  appear  m  the  supernatant  plasma.  The  hemostatic  value 
of  PDMP  in  transfusions  has  yet  to  be  determined,  in  part  because  of  the  difQculty 
in  defining  and  purifjdng  PDMP.  We  have  carried  out  a  qualitative  test  of  PDMP 
function  in  the  Baumgartner  perfusion  chamber  (Baum)  and  in  a  prototype 
bleeding  time  derice  called  the  Qot  Signature  Anafyzer  (CSA)  (Xylum  Crop.,  NY) 
by  cemparmg  results  n  ith  PDMP-rich  supernatant  plasma  &om  outdated  PCJx^fore 
and  after  removal  of  PDMP  by  filtration  of  the  plasma  through  a  02  micron 
Acrodisc  filter.  This  filtration  lowered  PDMP  counts  as  assessed  by  flow  cytometry 
by  >90%.  The  Baum  e^>eTimenls  were  performed  with  fresh  platelets  or 
from  expired  PC  resuspended  in  filtered  or  non-filtered  plasma  from  e]q>ired  PC, 
mixed  with  an  equal  volume  of  washed  RBC.  The  CSA  raperiments  were 
performed  on  the  same  recombined  whole  blood  samples  immediately  after 
recaldfication  with  5  mM  CaCi2.  The  results  from  the  Baum  runs  were  quantified 
as  the  percent  of  coverage  of  surface  area  of  the  denuded  vessel  strip  in  the 
chamber  as  revealed  by  immunofluorescence  of  adherent  platelets  under 
epifluorescent  microscopy.  The  CSA  measures  platelet  adheaon  and 
plug  formation  in  vitro  with  several  parameters,  derignated  HI,  H2,  and  FVBT  (in 
vitro  bleeding  time);  platelet  procoagulant  activity  and  collagen  interaction  are 
related  to  the  parameters  deagnated  CTl,  CTZ,  and  CTTF  (collagen-induced 
thrombus  formation).  Mean  results  (n=9)  for  selected  parameters  arc  presented 
below. 
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For  all  parameters,  platelets  in  PDMP-poor  filtered  plasma  gave  values  signifying 
poorer  adbedon  or  function  versus  the  same  platelets  in  PDMP-rich  non-filtered 
plasma.  H2  and  CTl  did  not  achieve  statistical  ^gnificance  in.  the  paired  t-test 
because  of  a  high  degree  of  variance  in  the  determinations.  However,  in  the  Si^ 
test  all  differences  showed  statistical  significance  at  p  i  0.05.  We  believe  these 
findings  demonstrate  a  poritive  effect  of  PDMP  on  adhesion  of  platelets  and  their 
hemostatic  function  as  assessed  in  these  tests. 
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A  STABLE  RADIOLABEL  FOR  FRESH  AND  DRIED  PLATELETS.  Rj 
Kowalsky,  KK  Taylor,  DK  McMahort,  ME  Brecher,  DA  Bellinger,  RL 
Reddick,  MS  Read.  University  of  Noah  Carolina,  Depaaments  of 
Pathology,  Pharmacy,  and  Radiolosy,  Chapel  Hill,  NC. 

In  previous  studies  dried  rehydrated  platelets  retained  hemostatic 
properties  and  behaved  like  fresh  platelets  in  animal  models  (PNAS 
submitted).  However,  dried  platelets,  unlike  fresh  platelets,  did  not 
retain  a  radiolabel.  A  stable  radielabe!  has  been  developed  for  fre%h  and 
stabilized  lyophilized  rehydrated  canine  platelets.  ^  ^  bn-Tropolone,  51  Cr- 
Sodium  Chromate,  *25,.^,a|  lodogen  or  lodobeads,  artd  'l25  ^|. 
PKH95  were  examined  regarding  labeling  efficiency  (LE),  label  stability 
over  time  in  normal  dog  plasma  or  buffer,  and  botrocetin  stimulation 
foliowino  radiolabeling.  The  table  below  indicates  that  ^  ^  ^  ln*Tropolone 
and  I-PKH95  produced  the  highest  LE.  The  high  LE  of  ^ in- 
Tropolone,  however,  is  compromised  by  poor  label  stability  during 
incubation  in  NDP,  with  label  translocation  from  platelets  to  plasma 
protein.  The  low  LE  and  instability  of  51  Cr  and  |.jgg|  jg^gig 
them  unsuitable  platelet  labels.  Only  125  |.pkh95  provides  satisfactory 
LE  and  label  stability.  Higher  LE  is  achieved  when  mfr  supplied  buffer  is 
used  during  labeling,  however,  this  buffer  causes  aggregation  of  fresn 
platelets.  Mfr  buffer  did  not  affect  the  LE,  stability  or  botrocetin-induced 
aggregation  of  dried  platelets.  Substitution  of  PBS  as  the  labeling  buffer 
with  1-PKH95  lowered  the  LE  but  did  not  promote  aggregation  cf 
fresh  platelets  during  the  labeling  reaction.  Both  fresh  and  dried  canine 
platelets  labeled  with  125  |.pkh95  in  PBS  demonstrate  stable 
radiolabeled  platelets  that  undergo  botrocetin  stimulated  aggregation 
following  labeling  and  warrants  fuaher  consideration  as  a  label  for  in 
vivo  platelet  survival  studies. 
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HEMOSTATIC  PROPERTIES  OF  HUMAN  LYOPHTLTZED  PLATELETS  IN 
A  THROMBOCYTOPENIC  RABBIT  MODEL  AND  A  SIMULATED 
BLEEDING  TIME  DEVICE.  A.  P.  Bode.  M.  BlajcTiman,  L,  Bardossy*^  and  M.S. 
Read,  Departments  of  Pathology,  East  Carolina  University,  Greenville,  NC,  and 
McMaster  University,  Hamilton,  Ontario,  and  University  of  North  Carolina  at 
Chapel  Hill,  NC. 

We  have  shown  previously  that  our  preparations  of  lyophilized  human  platelets 
(Lyo-Plt)  are  structurally  intact  upon  reconstitution,  and  that  they  adhere  to 
tirombpgenic  surfaces  in  \4tro  and  in  vivo  (Blood  S:159a,  1993).  Now  we  have 
tested  the  ability  of  these  preparations  to  correct  the  ear  bleeding  time  (BT)  in 
rabbits  made  thrombocytopenic  and  immunosuppressed  as  detailed  elsewhere 
(Blood  ^:3489, 1993).  Also,  we  have  measured  the  in  vitro  bleeding  time  (TVBT) 
and  collagen-induced  thrombus  formation  (Cli  p)  of  Lyo-Plt  in  a  prototype  in  \Stro 
bleeding  time  derice  called  the  dot  Signature  Analyzer  (CSA,  Xylum  Corp,  NY). 
In  the  rabbits,  the  endogenous  platelet  coimt  was  i  10  x  10^/mL  and  the  BT  was 
it  900  seconds  before  infusion  of  40-50  x  10'  platelets.  A  platelet  count  and 
duplicate  BTs  were  then  performed  one  hour  after  infusion.  For  the  CSA  test, 
platelets  were  resuspended  in  fresh  dtrated  plasma  at  300-500  x  10^/mL  and 
combined  with  an  equal  volume  of  washed  RBC  to  remake  whole  blood,  CaQ2 
was  added  to  5  mM  in  the  blood  just  prior  to  initiating  each  run.  Mean  results  for 
Lyo-Plt  versus  human  platelet-rich  plasma  (fresh)  or  5-8  day  old  cxplrtd  blood 
bank  platelet  concentrates  (Exp  PC)  are  tabulated  below: 


Rabbit  Model  Clot  Signature  Analyzer 

n  %  Recovery  Count  Ear  BT  n  IVBT  CTTF 


Lyo-Plt 

(12) 

58% 

108 

234  sec. 

(4) 

118  sec. 

73% 

Fresh 

(6) 

79% 

153 

177  sec. 

(4) 

134  sec. 

88% 

Exp  PC 

(0) 

ND 

ND 

ND 

(3) 

281  sec. 

_29% 

The  Lyo-Plt  had  reduced  1  hour  recovery  m  the  rabbit  model  relative  to  fresh 
platelets,  but  the  mean  BT  result  was  similar  to  the  value  seen  in  non-infused 
rabbit  controls  with  equivalent  endogenous  platelet  counts.  In  the  CSA,  the  Lyo-Plt 
gave  results  similar  to  that  of  fresh  platelets  and  better  than  that  of  stored  pikelets 
in  the  IVBT  and  the  CTIP  (t-test,  p  <  0.05).  These  findings  support  the  notion 
that  Lyo-Plts  are  hemostatically  active. 
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HEMOSTATIC  PROPERTIES  OF  LYOPHILIZED 
PLATELETS  IN  TESTS  OF  BLEEDING  TIMES.  Arthur  P. 
Bode.  Marjorie  S.  Read.  Robert  M.  Lust.  Depts.  of 
Pathology  and  Surgery,  East  Carolina  Univ.,  Greenville, 
NC,  and  Dept.  Pathology,  Univ.  of  N.C.  at  Chapel  Hill. 

Background:  We  have  previously  shown  that  lyophilized 
platelets  (L-PIt)  retain  properties  of  adhesion  and  activa- 
tability  in  the  Baumgartner  perfusion  chamber  (Trans 
23:72S,  1993).  Now  we  have  analyzed  L-PIt  in  two 
systems  directly  testing  hemostatic  function.  Study 
Design:  one  Is  a  prototype  device  simulating  the  Ivy 
bleeding  time  in  vitro  (IVBT)  and  collagen-induced  throm¬ 
bus  formation  (CITF)  In  recalcified  whole  blood  (Xylum 
Clot  Signature  Analyzer:  CSA);  the  other  is  an  in  vivo 
bleeding  time  In  dogs  on  full  clinical  heart-lung  bypass 
before  and  after  infusion  of  L-PIt.  Results:  On  the  CSA, 
L-PIt  gave  an  average  (n=4)  IVBT  of  1  min  58  sec  and  a 
CITF  of  73%  versus  2  min  14  sec  and  88%  respectively 
for  fresh  platelets.  Expired  platelet  concentrates  gave 
indeterminate  results  because  aggregates  clogged  the 
lines.  IVBT  >  6  min  and  CITF  <  25%  Is  typical  of  vWD 
patients.  In  two  canine  heart-lung  bypass  studies,  the  in 
vivo  bleeding  time  improved  from  >15  min  to  5-7  min 
after  infusion  of  a  bolus  of  2-3  xIO^^  L-PIt.  The  corrected 
count  increments  were  (#1)  88%  and  (#2)  47%  based  on 
estimated  circulatory  volume.  Conclusions:  These 
results  demonstrate  the  hemostatic  activity  of  L-Plt  and 
their  potential  value  in  transfusion  medicine. 

Mrasc  retype  .ft-  HE?»^OSTATIC  PROPERTIES  OF  LYOPHILIZED  . - 

PTJ^TRT,KT.q  IN  TESTS  OF  RT.KFDTNC;  TIMES. _ 


CUT  HERE 

AA6S 

This  abstract  will  be  reproduced  for  publication  in 
TRANSFUSION.  Use  letter  quality  type  and  correct 
font  to  ensure  1 2  characters  per  inch  and  six  line.s  per 
inch. 

MUST  BE  COMPLETED 
BY  AUTHOR 

Please  check  the  section  and  only  one  calegor>'  into 
which  you  would  like  your  paper  to  be  scheduled. 

K  SCIENTIFIC 

□  Aphercsis  (Preparation,  Therapy  and 
Methods) 

Kl  Component  Preparation  and  Storage 
n  Donor  Medical  and  Safety  Issues 

□  Pediatric  Transfusion  Medicine 

□  Plasma  Components  and  Derivatives 

□  Platelet  and  WBC  Antigens  and  Antibodies- 
D  Platelet  and  WBC  Biochemistry  &  Molecular 

Biology 

□  RBC  Antigens  and  Antibodies 

□  RBC  Biochemistry  &.  Molecular  Biology 

□  Transfusion  Practice/Clinical  Case  Studies 

Transfusion-Kelated  Diseases 
and  Complications 

□  Hepatitis  Viruses 

□  HIV- 1/2 

□  HTLV-l/ll 

□  Other  Infectious  Complications 

□  Non-Infectious  Complications 

□  Tran  splaritat  ion 

□  Other 

□  ADMINISTRATION/OPERATIONS 

□  Apheresis  (Recruitment  and  Management) 

□  Donor  Collection 

□  Donor  Recruitment 

□  Financial  Management/Cost  Containment 

□  Management 

□  Management  Information  Systems 

□  Marketing 

□  Personnel/Human  Resource  Management 
n  Product  and  Inventory  Management 

□  Public  Relations 

□  Quality  Assurance/Risk  Management 

□  Training  and  Education 

□  Regulatory’  Affairs 

□  Other 


MUST  BE  COMPLETED  BY  AUTHOR: 


1.  Author  would  prefer  an  oral  presentation _ X _ or  a  poster  presentation _ Insofar  as  possible,  authors'  wishes  will 

be  followed.  However,  final  program  assignment  rests  with  the  respective  committees. 

2.  Has  this  paper  been  accepted  for  publication  or  presentation  at  another  meeting?  □  Yes  S  No  If  yes,  please  specify: 


Any  ab.stract  that  has  been  published  prior  to  submission  date  will  bc’  disqualified. 

3.  Indicair  if  .Niudy  wav  supp^^ned  by  an  A.ABB  Foundation  grant.  D  ^  es  [X  No  If  yes,  please  specify _ 

4.  Abstract  oral  presentation  meeting  rwmv  will  be  supplied  with  a  2"  x  2"  slide  projector  for  your  use.  Video  equipment  is  unavailable. 


